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Adequate synchronisation of endogenous circadian rhythms to external time is beneficial for human health [1].
But how circadian time (biological time) and the numbers on the clock (clock time) are related is tricky to
understand, as many of us experience when we change from standard time (ST) to daylight saving time (DST)
and during jet-lag. How confused we can be is also exemplified by two bills currently making their way through
the Californian state legislature. Senate Bill SB-328 Pupil Attendance: School Start Time [2] prohibits middle
and high schools from starting earlier than 8:30 in the morning. Senate Bill AB-807 Daylight Saving Time [3]
would result in a switch to permanent DST. Similar debates on school start times and DST are happening
throughout North America and Europe. Here we explain why a switch to permanent DST could negate any
beneficial effects of delaying school start times.
Most people have a natural tendency to go to bed and get up a bit later every day. This is because our
endogenous biological clocks typically run a little slow. In order to keep to a daily rhythm we need signals,
‘zeitgebers’, to correct our internal time and keep us to 24 hours. Light is the primary zeitgeber for humans,
with both the strength and timing of the 24-hour light-dark signal being important in setting circadian phase
and biological sleep timing. This process is referred to as entrainment and it describes how a later light-dark
signal will lead to a later circadian phase and later biological sleep timing.
Solar time describes the timing of the natural light-dark cycle. Solar noon is the time at which the sun is at its
highest point in the sky and so is a marker of solar time. When we change to DST the clock springs forward
and therefore, during DST, solar noon occurs one clock hour later than during ST. For example, in London,
solar noon is around 1pm during DST and around 12 noon during ST (see Fig. 1). Although the clock time of
solar noon varies with location within a time zone, it is always the case that solar noon would be one clock hour
later during DST than during ST.
If our clocks are set by the natural light-dark cycle, this means that our circadian phase and biological sleep
timing is determined by solar time and will occur one clock hour later during DST. Since our social schedules,
such as school start times, are determined by clock time, there are then consequences for sleep (and
circadian) alignment of a switch to DST, as illustrated in Fig. 1. Firstly, since biological sleep timing occurs at a
later clock time during DST, it would be harder to go to bed early enough to get adequate sleep. Secondly, the
difference between biological and required wake time would be greater during DST, making it harder to get up
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in the morning.
Adolescents in particular are often sleep deprived and struggle to get up in the morning, which is why delays to
school start times have been proposed. Fig. 1 highlights how a switch to later school start times could bring
benefits by better aligning required sleep timing with biological sleep timing. Positive effects of delaying early
school start times have been reported [4, 5]. However, later clock time of biological wake time under
permanent DST undermines the gains made by delaying school start times. In the example shown, a required
wake time of 7am during DST leads to the same degree of misalignment as a required wake time of 6am
during ST. With permanent DST, schools would need to delay start times by one hour during the winter months
just to maintain the status quo!
It may be argued that we are not entrained to solar time because we spend most of our time indoors and keep
the lights on after dusk [6, 7]. Consequently, the timing of the light-dark signal we see may not be tightly
coupled to the natural light-dark cycle but instead be determined by imposed social schedules, including
school start times. But then it is irrelevant what time school starts.
Of course, the reality is unlikely to be so binary. There will be individuals who are entrained to solar time, there
will be individuals who are not, and many will be somewhere in the middle depending on their light exposure
patterns. Available data suggest that, on average, individuals are entrained to solar noon when they go
camping or live in more rural areas, but are entrained to solar noon to a lesser degree in large cities [8, 9]. For
those in the middle, DST will be detrimental to some extent, and also delaying school start times by one hour
will be beneficial to the same extent.
Returning to the bills before the Californian senate we are led to the following inevitable conclusions. If we are
not entrained to solar time, switching to DST will have no impact on adolescent sleep, but Bill SB-328
delaying school start times is pointless. If we are completely or partially entrained to solar time, Bill AB-807
leading to permanent DST is bad for adolescent sleep (and the sleep of others) and negates the effect of later
school start times.
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Figure 1: The alignment of sleep timing, clock time and solar time. Solar noon occurs at a later clock
time during daylight saving time (DST) than standard time (ST). If we are entrained to the natural light-dark
cycle, biological sleep timing (as predicted by the interaction of circadian rhythmicity, sleep homeostasis and
light exposure) occurs one clock hour later during DST. Early school/work start times mean we have to get up
before our biological wake time. Delaying school/work times, allows us to wake closer to biological wake time.
For the same degree of misalignment during DST as during ST, alarm time has to be one hour later during
DST. The results shown are from simulations of a quantitative mathematical model of sleep-wake regulation
[10]. Parameters are: age 17y; intrinsic circadian period 24.2h and the peak of light during the day 100 lux to
mimic someone with a late wake preference; low levels of evening light (5 lux) to ensure the model is entrained
to solar noon. Solar noon set to 12noon during ST and 1pm during DST. All other parameters are as in [10].
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